Objective: Stroke is a major cause of premature death in China. Early prevention of stroke requires a more effective method to differentiate the stroke risk among young-aged and middle-aged individuals than the 10-year risk of cardiovascular disease. This study aimed to establish a lifetime stroke risk model and risk charts for the youngaged and middle-aged population in China.
INTRODUCTION

S
troke is the leading cause of death in China. In an international comparison, China ranked third among 19 countries in terms of premature death from stroke [1] . A recent national screening in China found that 54% of stroke patients were less than 65 years of age in community population [2] . Prevention of premature stroke in the young-aged and middle-aged population must be prioritized in the development of a Chinese public health strategy to achieve a 25% reduction in premature death from noncommunity disease by the year 2025, a goal proposed by the WHO [3] .
A proper stroke risk assessment method is important for the development of such a prevention strategy in the youngaged and middle-aged population. However, there are notable disadvantages of currently available cardiovascular risk assessment models for the risk assessment in the younger population. First, most of these models are used for assessment of a short-term (5-year or 10-year) total cardiovascular disease (CVD) risk [4] [5] [6] [7] . For the young-aged and middleaged individuals, almost all of them belong to the low-risk category based on the 10-year CVD risk assessment even they have significantly elevated risk factors and increased lifetime CVD risk [4, 8] . Second, risk prediction models are only available for the total CVD risk, which combine the risk of stroke with coronary heart disease [4, 6] . Rare stroke-specific risk assessment tool is available for either the short-term or long-term risk in China.
Newly updated CVD prevention and treatment guidelines have recommended the lifetime risk of CVD as an adjunction to 10-year risk estimation to distinguish the risk [9] [10] [11] . The lifetime risk estimation can not only serve as a tool for individuals to know their long-term risk that was caused by the accumulated damage of risk factors, but also as a basis to differentiate those at higher risk than 10-year risk estimation in clinical practice. Japan and America have developed stroke-specific models for lifetime risk assessment [12, 13] . The lifetime stroke risk estimation tools would be urgently needed for the early stroke prevention in China. Moreover, as the SPRINT reported, the relative risk of the first occurrence of stroke was 11% lower with the intensive intervention than with the standard treatment but had no statistical significance (P ¼ 0.50) [14] . The impact of maintaining a SBP less than 120 mmHg on stroke risk in larger population is needed. Therefore, this study aimed to establish a lifetime stroke risk model and risk charts for the young-aged and middle-aged population in China and provide the cerebral vascular benefit when maintaining multiple risk factors especially a blood pressure (BP) in optimal level based on a long-term cohort study.
METHODS
Study population
The participants in this study came from the Chinese MultiProvincial Cohort Study, a nationwide, multicenter, opencohort study on CVD including three cohorts. The largest cohort began at 1992 and included 16 811 participants aged 35-64 years who were free of CVD at baseline. The detailed methodology of the sampling has been described in previous publications [15, 16] . From 1996 to 1999, 3129 participants aged 35-64 years who were free of CVD at baseline were added, and 2013 participants (45.7% older than 60 years) aged 35-84 years and free of CVD at baseline were added in 2004 to increase the sample size of elderly people. For the present study, we included 21 953 participants aged 35-80 years for the lifetime risk assessment.
All methods for the baseline survey were in accordance with the WHO-MONICA protocol [16] . All participants received informed consent letters to participate in this study at baseline. The lifetime risk of stroke study was approved by the ethics committee of Beijing Anzhen Hospital, Capital Medical University (approval number: 2015012X) and performed in accordance with the standards set forth by the Declaration of Helsinki.
All participants were invited to undergo a face-to-face follow-up every 1 or 2 years from the baseline examination to 31 December 2010. Follow-up rates were 81.5% for the cohort that completed the baseline survey in 1992, and 80.1 and 73.5% for the cohorts that completed the baseline survey in 1996-1999 and 2004, respectively.
Risk factor measurement at baseline
At the baseline survey, the information about demographics, smoking status, family history of CVD, and treatment histories of dyslipidemias and hypertension were collected using a standardized questionnaire and administered by trained researchers. Regular mercury sphygmomanometers were calibrated to measure BP at baseline. Standard cuff bladders with the width of 12.0-12.5 cm and the length of 22 cm were used. Participants were allowed to sit for 5 min in a quiet room before measuring BP. In all patients, BP was measured in the right arm, and at least two measurements were performed at 30-s intervals. Additional measurements were taken if the first two measurements were quite different. Both arms were measured to detect possible differences, and the higher value was used as the reference value if the patient had a peripheral vascular disease. The mean BP values indicated the mean SBP and mean DBP, which were the average levels of two consecutive SBP and DBP measurements [6, 17, 18] . Weight and height were measured and used to calculate the BMI [18, 19] . We collected overnight fasting venous blood samples for the measurement of serum lipid and glucose concentrations. An enzymatic method was used to determine the fasting glucose, total cholesterol (TC), and triglyceride levels, and the phosphotungstic acid/MgCl 2 precipitation method was used to determine the HDL-cholesterol (HDL-C) level. The non-HDL-C level was calculated by subtracting the HDL-C from the TC level. Quality control of the laboratory tests was performed by following the protocol of the WHO Regional Lipid Reference Center [20, 21] .
The combination of risk factors included BP (both SBP and DBP were considered), serum lipid indicators (non-HDL-C and HDL-C), BMI, smoking, and diabetes. Participants were stratified into five mutually exclusive categories based on whether they had all optimal risk factor levels, one or more nonoptimal risk factors, one or more elevated risk factors, one high risk factor only, or two or more high risk factors (the detail definitions were shown at the footnote) according to the stratification criteria of the Framingham Heart Study but some risk factors were adjusted on the basis of the estimation of stroke risk in Chinese population [22] . When low HDL-C (<1.03 mmol/l) and overweight/obesity (BMI from 24 to 28 kg/m 2 and BMI ! 30 kg/m 2 ) were included in the aggregate risk factor model, lifetime risk for stroke were discriminated better, so BMI and HDL-C being added into aggregate risk factor model. Non-HDL-C replaced TC because it provided better prediction for lifetime risk of stroke in Chinese population.
Case ascertainment
Stroke events were diagnosed as rapidly developing signs of focal (or global) disturbances in cerebral function lasting more than 24 h (unless interrupted by surgery or death) with no apparent nonvascular cause [23] . All fatal and nonfatal acute stroke events were reported; including hemorrhagic and ischemic strokes and unspecified cerebrovascular diseases (ICD-9 codes 430-434 and 436 or ICD-10 codes I60-I64). Hemorrhagic stroke was defined as a stroke event with a diagnosis of subarachnoid hemorrhage or intracerebral hemorrhage; ischemic stroke was defined as a stroke event with a diagnosis of thrombosis or embolism. Transient ischemic attack and chronic cerebral vascular disease were excluded [24] .
All other causes of death except stroke were also reported and registered. All reported deaths and suspected stroke events were reviewed by a panel of physicians and neurologists according to the original medical records.
Statistical analysis
Modified Kaplan-Meier method was used to calculate the 10-year and lifetime risk of stroke [25] . The lifetime risk of stroke up to age 80 years was calculated at each index age ranging from 35 to 60 years, and the lifetime risk of stroke at the index ages of 35, 45, and 55 years could represent the age groups of 35-40, 41-50, and 51-60 years, respectively.
The risk of all other causes of death except that from stroke is considered to be a competing risk, which was adjusted. The age of 80 years was defined as the end of the lifetime span for mean life expectancy was only 73 years in 2010 in China, which could represent most of Chinese lifetime [26] . The possible impact of antihypertensive treatment was also considered. An additional analysis was performed by classifying the participants receiving antihypertensive therapy as a high-risk group regardless of their BP level.
According to the International Atherosclerosis Society guidelines in 2013 [11] , the lifetime risk of CVD can be stratified into low risk (<15%), moderate risk (15-30%), moderately high risk (30-45%), and high risk (!45%). Because the risk stratification was developed for CVD and not stroke, we performed a recalibration by multiplying the proportion of stroke (70%) of the total acute CVD events in our study. Therefore, we classified the lifetime stroke risk into four risk levels: low risk (<10%), moderate risk (10-20%), moderately high risk (20-30%), and high risk (!30%). All statistical analyses were performed with SAS 9.2 statistical software (SAS Institute, Inc., Cary, North Carolina, USA).
RESULTS
Baseline and follow-up information
The study included 11 366 men and 10 587 women with complete risk factor data at baseline. The participants were followed up for a total of 263 016 observational personyears (the median follow-up years were 18.0, 8.0, and 6.0 for participants who completed the baseline survey in 1992, 1996-1999, and 2004, respectively.).
During the follow-up, 917 participants developed firstever acute stroke events, including 681 ischemic strokes, 221 hemorrhagic strokes, and 49 unspecified stroke events (33 participants had both ischemic strokes and hemorrhagic strokes). Out of 1401 deaths of participants, 198 were due to acute stroke events. Among the stroke cases, 161 (17.6%) were from age group 35-45 years, 298 (32.5%) were from age group 45-55 years, 434 (47.3%) were from age group 55-65 years, and 24 (2.6%) were older than 65 years. Baseline characteristics of these participants are shown in Table 1 .
Lifetime risk of stroke for men and women Figure 1 presented the 10-year and lifetime risk of stroke for the index age groups 35-40, 41-50, and 51-60 years, respectively. The lifetime stroke risks were 18.0% and 14.7% for men and women aged 35-40 years, which were 25.7 and 29.4 times higher than their 10-year stroke risks, 0.7 and 0.5%, respectively. The lifetime risks of ischemic stroke and hemorrhagic stroke were also estimated as shown in Supplementary Table 1, http://links.lww.com/ HJH/A661. As to stroke subtypes, the lifetime risk of ischemic stroke was higher than that of hemorrhagic stroke.
Lifetime risk of stroke according to single risk factors
The lifetime risk of stroke was estimated in different index age groups for men and women according to single risk factors (Table 2) . Among the traditional risk factors, BP had the strongest capacity to differentiate the lifetime stroke risk among young-aged and middle-aged population. In men aged 35-40 years, the lifetime risks of stroke were 10.7 and 38.4% in the lowest and highest BP categories, respectively; those in women were 8.3 and 26.7%, respectively. In all index ages, the lifetime risk of stroke increased as the BP increased in a dose-response pattern. In comparison, the 10-year stroke risk was only 2.9 and 1.6% in men and women in the highest BP categories at the same age (Supplementary Table 2 , http://links.lww.com/HJH/ A661). When all participants receiving antihypertensive therapy were assigned to the SBP at least 160 mmHg or DBP at least 100 mmHg group, the lifetime risk of stroke was the same as the previous results (Supplementary Table  3 , http://links.lww.com/HJH/A661). We also estimated the lifetime stroke risk according to BP with or without other risk factors (Fig. 2) . The association of BP with the lifetime risk of stroke was much stronger than all other risk factors combined.
An increased non-HDL-C concentration was associated with an increased lifetime stroke risk in men. However, the non-HDL-C concentration could not discriminate the lifetime stroke risk well in women. The BMI, HDL-C concentration, and diabetes status could well discriminate the lifetime stroke risk in both men and women, but the smoking status could not well discriminate the lifetime risk of stroke especially in women.
Lifetime risk of stroke according to aggregate risk factor burden
The integrated effects of risk factors on the lifetime risk of stroke were estimated for men and women in the index age , HDL-C at least 1.04 mmol/l, nonsmoker, and no diabetic. Not optimal risk factors are defined as SBP from 120 to 139 mmHg, DBP from 80 to 89 mmHg, non-HDL-C from 3.11 to 4.14 mmol/l, nonsmoker, and no diabetic. Elevated risk factors are defined as SBP from 140 to 159 mmHg, DBP from 90 to 99 mmHg, non-HDL-C from 4.14 to 5.18 mmol/l, BMI from 24 to 28 kg/m 2 , smoker, and diabetic. High risk factors are defined SBP at least 160 mmHg, DBP at least 100 mmHg, non-HDL-C at least 5.18 mmol/l, BMI at least 28 kg/m 2 , and HDL-C less than 1.04 mmol/l.
groups 35-40, 41-50, and 51-60 years. For individuals at the index age of 35-40 years, the lifetime risk of stroke was only 3.1 and 1.3% for men and women, respectively, with all risk factors optimal. However, the lifetime risk of stroke was 18.7 and 17.6% for men and women, respectively, with one or more nonoptimal risk factors, which was significantly higher than those with all risk factors optimal (Fig. 3 ). Among individuals with two or more high risk factors at an index age of 35-40 years, 41.6% of men and 24.6% of women were predicted to have an acute stroke event before the age of 80 years. The comparison of 10-year stroke risk and lifetime stroke was shown in Supplementary 
The chart for lifetime risk of stroke
A color chart for lifetime risk of stroke was developed (shown in Fig. 4 ). An individual with different risk profiles at different ages could easily find the specific stroke risk (categories) during his/her remaining life to the age of 80 years. For men in the 35-40 and 41-50 years age groups, with all risk factors at optimal levels, the stroke risk is almost 0 before the age of 65 years. In comparison, men in the Lifetime risk of stroke in young-aged and middle-aged Chinese
Journal of Hypertension www.jhypertension.comsame age group with two or more high risk factors will achieve the same level stroke risk 30 years earlier.
Among all new stroke cases occurred during the followup years, the proportions of low risk is 6.9%, moderate risk is 65.3%, and high risk is 27.8%, respectively, based on lifetime risk estimation, respectively; however, less than 0.7% of stroke patients were classified as high-risk using the 10-year risk assessment for CVD.
DISCUSSION
Our data underline the importance of preventing the traditional risk factors' development at younger ages to increase healthy longevity. We first estimated the lifetime risk of stroke for young-aged and middle-aged people in Chinese population according to the status of known stroke risk factors and developed a novel lifetime risk chart for stroke.
We support lifetime risk estimation as an adjunct to 10-year risk estimation, which has been recommended in the updated guidelines [9] [10] [11] . Risk intervention should be focused and performed throughout a patient's lifetime. The 10-year risk of stroke might mislead the young-aged and middle-aged population to ignore their stroke risk because more than 95% of them were considered to be low-risk based on the 10-year risk estimation of CVD. Moreover, our study strongly supports the concept that age is a modifiable risk factor [27] . The lifetime risk of stroke was extremely low in men and women with all major risk factors at optimal levels, almost not affected by age for the stroke risk almost no change as age increased from the index ages to 80 years.
In addition, our study reinforces the maximum benefits obtained from the prevention and management of traditional risk factors. However, only 3.7 and 13.7% of men and women in this study had major risk factors at optimal levels, and 68% of those with all risk factors at optimal levels were younger than 45 years. This study indicates that the stroke burden in China can be effectively relieved if the proportion of individuals with all risk factors at optimal levels substantially increases.
As to the effect of risk factors on stroke, abnormal BP levels can cover up the effects of other risk factors on the lifetime risk of stroke. This is consistent with our previous study of 10-year risk estimation of CVD [28] . Will lower BP reduce the risk of CVD has been debated [14, 29] . Our results show that the lifetime risk of stroke was significantly lower for those with optimal BP than those with prehypertension or hypertension from the perspective of lifetime risk estimation. The finding is in accordance with those newly published from the SPRINT research among patients at high risk of CVD [14] . However, we provided the benefit evidence of maintaining a SBP less than 120 mmHg in the younger Chinese population. The smoking status could not well discriminate the lifetime risk of stroke; however, that does not mean that smoking has no overall effect on stroke.
Numerous epidemiological evidences have shown that smoking was associated with a substantially higher shortterm risk for stroke. However, the competing risk of death over the longer term substantially existed; the smoker might die from nonstroke causes like lung diseases associated with smoking before they suffer a stroke. Moreover, participants who quit smoking subsequently may make their stroke risk low, thereby lowering the lifetime risk of stroke in smokers group. Another major contribution is that we developed a risk chart and proposed risk stratification based on the lifetime risk of stroke at the index age of 35-60 years. This risk chart provides visibility of the long-term damage of stroke among individuals aged 35-60 years with certain risk factors. These individuals can identify their risk based on risk factor profiling.
The lifetime stroke risk for Chinese individuals is similar to that of Japanese individuals and obviously higher than that of white individuals at the same index age [12, 13] . The lifetime stroke risk reported here is likely to be a conservative estimate of the true Chinese population burden of stroke. The increased life expectancy and influence of a Western lifestyle might increase the risk of stroke [30] .
There are some limitations of the present study. First, atrial fibrillation can increase the risk of ischemic stroke [31] , but it was not included in the lifetime stroke risk model because of the lack of records at the baseline of our study. Second, as a long-term cohort study, it is very hard to keep the lost follow-up rate at a very low level. There was 26.5% lost follow-up rate in the cohort of baseline survey in 2004, even that cohort accounted only 9.2% of the total cohort population. Third, BP measurements were performed in populations of multicenter. Even a series of procedures were performed to ensure high-quality BP measurement, the Bland-Altman analyses, an important statistical method to compare the consistency of BP measurement between centers and investigators, were not performed before the baseline survey. Fourth, only part of the cohort population received re-examinations for the risk factor level. Therefore, we may not be able to evaluate the impacts from the changes of risk factor levels over time by the time-derived analysis. Finally, the association between the risk factors we selected as major risk factors and lifetime risk of stroke may differ from other populations. Therefore, the exploration of these results to other populations may not be suitable.
In conclusion, the lifetime risk of stroke model could discriminate the stroke risk well in young-aged and middleaged Chinese people. The lifetime risk was extremely low in men and women with all major risk factors at optimal levels, with almost no change with the increase in age, which indicated that the stroke had huge potential can be prevented. Based on that, a risk chart for stroke was developed in the young-aged and middle-aged population, which could be used in stroke prevention in China. Age groups risk factor profiles
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Reviewer 1
Study aimed to establish a lifetime stroke risk model for young and middle-aged population in China. A large cohort of 21 953 subjects aged 35-84 years without CVD at baseline was followed for 18 years. The mean lifetime stroke risk was 18.0% in men and 14.7% in women aged 35-40 years. BP most effectively discriminated the lifetime stroke risk. The lifetime stroke risk in subjects with optimal risk factor profile was 8-10 times lower than those with >2 high risk factors at baseline. Limitations are: extrapolation of results to subjects with ages different from 35-60 years, or to nonChinese, and the lost follow-up rate of 9.2% of the total cohort. Also the non-inclusion of atrial fibrillation in the model, which is an important risk factor for ischemic stroke, is a weakness. Lifetime risk of stroke model could discriminate the stroke risk better than 10-year risk models in young and middle-aged Chinese people.
Reviewer 2
Stroke is or is rapidly going to become the major cardiovascular event, the most expensive, that related to the worst quality of residual life, and that which better responds to blood pressure control. Reduction of blood pressure at a population level is mandatory in this respect, although this goal is achieved in a limited number of cases. As high blood pressure is often associated to other risk factors, a multitasking action on cardiovascular risk is the right approach to primary stroke prevention.
